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ANALYSIS OF ACOUSTIC IMPEDANCE DATA

Abstract: Procedures and applicable charts for the analysis of
acoustic impedance data obtained from the USRL pulse tube are
presented. Formulas and tables for rapid determination of the
bilinear transformation (1 + r)/(1 - r) are shown.

INTRODUCTION

The USRL has recently completed development nf a system for measuring
the complex acoustic impedance and the complex propagation constant of
acoustical materials for underwater sound. Basically, the system is an
acoustic transmission line 180 cm long with a reversible transducer at
one end and a sample of the acoustical material of interest at the oppo-
site end. The operating frequency range is 2.5 to approximately 10 kHz,
Hydrostatic pressure is variable to 10,000 psi.

For a sample inserted in the 180-cm-long acoustic transmission line
of the system, two quantitles are measured at each operating fraquency
and hydrostatic pressure. These quantities are the magnituds |r| and the
phase angle § of the complex reflection coefficient r at the front bound-
ary of the sample.

This report describes the details of the analysis to be performed on
the measured data |r| and & to calculate the two constants that describe
the acoustical behavior of the sample at each discrete frequency and
hydrostatic pressure. These are the attenuation constant « (usually
expressed in dB/m) and the speed of sound propagation ¢ in the sample.

The basic equation that describes the wave propagation in a sample
terminated by a rigid boundary is (see Appendix for derivation)

(2, /2;) = (2o/27) coth vd, (1)

where Zin/z is the normalized acoustic impedance at the water-to-sample
boundary, ZO/ZT is the normalized characteristic impedance of the sample,
Zp = pger is the characteristic impedance of water, Pr is the density of

water, c.. is the speed of sound in water, y = o + jk is the complex rco-

T
pagation constant of the sample, k = 2nf/c is the wavenumber in the sam=

ple, d is the length of the sample, and f is the frequency.
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The ratio Z ZT in Eq. (1) can be represented by (see Appendix for
derivation)

YA p jk
R (2)
Zr Pp o+ jk

where kT = 2nf/cT is the wavenumber in water and p is the density of the

sample. The measured complex reflection coefficient r for the sound
pressure represents an indirect measurement of the water-to-sample bound-
ary impedance according to the relation

(z, /27) = (1 + r)/(1 - ). (3)
For brevity, the symbol Z will be used henceforth to represent zin/ZT'

When the right-hand terms of Eqs. (2) and (3) are substituted into
Eq. (1), the following relation is obtained:

1+r p de

= j — ——— coth (o + jk)d. (4)
(o + jk)d

In addition to r, the following quantities in this equation are measured:
p/p_, the ratio cf the density of the sample to that of water; and k.d,
the acoustic length in radians of a column of water whose length is equal

to that of the sample. Thus, when all of the measured quantities are
written on the left-hand side, Eq. (4) becomes

1 1+ 1 coth (o + jk)d

(P/PT)de 1-r (@ + jk)d

—~~
Ot
g

Because Eq. (5) is a transcendental equation, it cannot be solved for the
unknown values of o and k by algebraic methods. The procedure is to use
a chart or family of charts presenting the value of the complex function
F for assumed values of the complex independent variable--in this case,
od + jkd. Thus F is defined by

” coth (o + jk)d
F = IFleJ = J y (6a)
(e + jk)d

and is related to Z by

) lzleJd)
|Fled? = ———, (6b)
(p/p ke d
and
Imag F  Imag Z
tan ¢ = = . (6¢)
Real F Real Z
2
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Computations were made on an IBM 1620 computer to evaluate the func-
tion F by Eq. (6a) for many values of 2kd and Q, where Q = kd/20d. In
these computations 2kd is in radians and Q is derived from a value of 2ad
in nepers. The computed values |F| and (Imag F)/(Real F), when plotted
logarithmically, yield the charts presented in Figs. 1(a) through 1(e).
The user enters the appropriate chart through the rectangular coordinates
with the measured value, the left-hand side of Eq. (5). The corresponding
values of 2kd and Q are read from the curvilinear coordinates. From the
values of 2kd and Q, the constants are computed by

2kd  8.686
o= dB/m, (7a)
Q 4d
¢ = 4udf/2kd m/sec. (7b)

RAPID METHOD FOR THE TRANSFORMATION (1 + r)/(1 - )

The left-hand side of Eq. (5) shows that the measured data (reflec-
tion coefficient r) have to be transformed by the expression (1 + r)/(1~1).
The Smith chart of transmission line theory is frequently used for this
transformation. In our case, we want the impedance (1 + r)/(1 - r) in
the polar form Z = |Z|e3¢. The appropriate chart to obtain impedance in
polar form is the modified Smith chart described by Beranek [17.

The result of this r-to-Z transformation is to be used, after division
by (p/pT)de as in Eq. (6éb), in the charts of Fig. 1. The successive use
of two separate charts (the modified Smith chart and the charts of Fig. 1)
is inadvisable from the point of view of final accuracy. For this reason

the r-to-Z transformation should be performed numerically. From the
relation

Z=(1+r1)/(1-1), (8)
the expressions for |Z| and ¢ are
y
1+ 2|r|cos & + |r|?|2

] = (9a)
1 - 2|r|cos 8 + |z|? ’

and

2lr|sin o
tan ¢ = ———, (9b)
1= |z

Computations by Eqs. (9a) and (9b) are lengthy and laborious. It is
possible, however; to modify the equations for simpler computations. The
introduction of the auxiliary angle R, defined by tan 4R = |r|, simplifies
Egs. (9a) and (9b) into

s 1 — ~ it e TN z ,,,‘ L e Sl s 3
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1 + sin R cos 9]7

,Zl = ’ (10a)
1 - sin R cos 6

and v
tan ¢ = tan R sin o. (10b)

The auxiliary angle R is always in the first quadrant (because |r| s 1)
and accordingly both sin R and tan R in Egs. (10a) and (10b) are inher-
ently positive in all cases. Thus, by Eq. (10b), tan ¢ cbtains the sign
of sin 63 this relation together with the condition that ¢ is restricted

to the first or to the fourth quadrant (because |Z|eJ® physically is a
real impedance) defines the specific quadrant of ¢ unambiguously. When @
is in the first or in the second quadrant, ¢ is in the first quadrant;
when 8 is in the third or in the fourth quadrant, ¢ is in the fourth
quadrant.

By regarding Isin R cos | as the cosine of another auxiliary angle S,
(S restricted to the first quadrant by definition), Eq. (10a) becomes

1+ cos S 3

|Z| = |————| = cot 35, if sin R cos @ is positive, (11a)
[1 -~ cos S
- PS |
1 - cos S|®

|z| = ) ————] = tan 3S, if sin R cos & is negative. (11b)
l_‘l + cos S

It follows from Egs. (11a) and (11b) that |Z| > 1 when 9 is in the first
or in the fourth quadrants, and |Z| < 1 when 8 is in the second or in the
third quadrants.

Tables I and II are intended for use with Egs. (10) and (11). Since
the rectangular coordinates of the Fig. 1 charts are logarithmic, the
tables are also logarithmic to facilitate the plotting of measured data
points. In our measurements |r| was measured to the nearest 0.1 dB; for
this reason Table I shows values of |r| in the form 20 log |r| in incre-
ments of 0.1 dB from -0.1 to -6.0 dB.

A representative example extracted from a series of measurements with
the recently developed acoustic-impedance-measuring system will show
details of the r-to-Z computations by the method described.

The measured quantities are 20 log |r| = -2.6 dB and ¢ = 105°. Then,

from trig tables: log sin 6 = 9.9849(pos) log cos 6 = 9.4130(neg)

From Table I: log_tan R = 0.5174(pos) log_sin R = 9.9808(pos)
Add: log tan ¢ = 0.5023(pos) log cos S = 9.3938(neg)
From Table II: log |Z] = 9.8901
Result: |z] = 0.776, tan ¢ = 3.18.

9




ﬂ‘ - mry - - - — -

For clarification it is pointed out that (pos) and (neg) are used above
to keep track of the sign of the quantities. For example, log sin 6 =
9.9849(pos) indicates that sin @ is positive and log cos 8 = 9.4130 (neg)
is used to indicate that cos 8 is negative.

This completes the r~to-Z computation. To enter the chart, the value
of (p/pT)de, where kyd is in radians, is needed to compute |F] as in

Eq. (6b). In the example being discussed, p/pT = 1.41 and

k.d = 2.48 radians, so |F| = 0.222. The chart (Fig. 1(b) is used in this

example) is entered through the rectangular coordinates with the values
tan ¢ = 3.18 and |F| = 0.222; Eq. (6¢) points out that tan ¢ is
(Imag F)/(Real F).

For the precise location of the point that represents tan ¢ = 3.18
and |F| = 0.222 it must be kept in mind that the charts are logarithmic,
hence logarithmic interpolation must be used between the major scale
divisions of the charts.

It is equally valid to consider the charts as linear plots of log |F|
and log tan ¢. For this viewpoint the reader needs to visualize that
values of log F| and log tan ¢ cen be plotted directly on the chart in a
linear fashicn. Still for the same example, log tan ¢ = 0.5023(pos) and
log |F| = 9.3465(pos); the chart of Fig. 1(b) is entered on the abscissa
between 1 and 10 (corresponding to the characteristic 0 of log tan $) at
0.502 of the distance between 1 and 10. For the ordinate on the chart,
the entering point is between 0.1 and 1 (corresponding to the characteris-
tic 9 of log |F|) at 0.346 of the distance between 0.1 and 1. On the
curvilinear coordinates, the plotted point locates the values 2kd = 3.95
and Q = 7. To complete the compttation, Eqs. (7) are used to find « and
¢ (d = 0.100 m, £ = 6.0 kHz, in this example),

(3.95)(8.686) ,
o= = 12 dB/m,
7(0.400)
4m(0.100) f
¢ = —————— = 1910 m/sec.
3.95

A few final remarks are probably in order concerning Fig. 1. The
charts could have been plotted in any one of several other forms. The
form presented was found most expedient for use with our measurements.

A possible source of confusion to the reader may be the presence of linear
scale divisions on an otherwise logarithmic chart. The example above has
attempted to show that the charts may be regarded as logarithmi. for

tan ¢ and |F| or as linear for log tan ¢ and log |F|.

The inquisitive reader is referrad to the works of other authors
[4-10] for discussions of the mapping of the (coth w)/w and (tanh w)/w

functions in connection with a variety of applications in airborne acous-
tics and in microwave dielectric measurements.

10
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Table I

Computed Values of log tan R and log sin R
as a Function of |r]

[~ Ponsy Kama L] Sosoun ey e (LA [ ] BEURA ‘ S s [ Vee—

Irl ! log log |r| log log
(dB) | tan R} sin R (dB) | tan R | sin R
-Oh1 1-9386 0»0000 ’300 004531 909746
-0.2 1 1.6377 | 9.9999 -3.1 1 0.4383 |9.9729
”053 104616 9-9997 ”302 0.4239 909712
-0.4 ] 1.3366 | 9.9995 -3.3 1 0.4099 | 9.9694

=3:4 ] 0.3963 [ 9.9675
=0.511.2396 | 9.9993
-0.6 | 1.1603 | 9.9990 -3.510.3831 [9.9657
'007 100932 9‘9986 -3t6 003701 909637
-0.8 | 1.0351 | 9.9982 -3.7 1 0.3576 | 9.9617
-0.9 1 0.9838 | 9.9977 -3.8 | 0.3453 | 9.9597
-309 003333 909576
-1.0]0.9378 {1 9.997
-1.1 ] 0.8962 | 9.9965 -4.010.3215 | 9.9555
”1.2 008582 909959 "4-1 003100 909533
-1.310.8232 | 9.9952 ~4.2 1 0.2988 | 9.9511
‘1-4 007908 909944 —403 002877 9-9488
=bali | 0.2769 | 9.9465
'105 007606 909936
“1a6 007322 9:9927 -405 0;2663 909442
“107 Oa7056 909917 '4:6 002559 909418
-1.8 | 0.6804 | 9.9907 ~4.7 | 0.2457 | 9.9393
-109 006566 909897 '408 0.2357 909368
-4.9 | 0.2258 | 9.9343
'2.0 006339 9-9886
-2.110.6124 | 9.9874 -5.010.2161 | 9.9317
‘2.2 005918 909862 '5.1 0-2066 9-9291
-2.510.5720 | 9.9850 ~5.2 1 0.1972 | 9.9264
~2.4 | 0.5531 | 9.9836 -5.310.1879 | 9.9237
=5.410.1788 | 9.9210
=2.510.5349 | 9.9822
-2.6 1 0.5174 | 9.9808 -5.510.1698 | 9.9182
‘2.7 0.5005 9-9794 -506 001609 9-9154
-2.8 1 0.4842 | 9.9778 =5.710.1522 1 9.9125
‘2.9 004684 909762 —508 0-1436 909096
-5.910.1350 | 9.9067
-6.0 | C.1266 | 9.9037

— [
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Y et




Tabulation for Finding |Z]

Table 1I

T wp e e e e

log iog log log log log log log log
cos S| cot 3S | tan S cos S [cot 3S | tan 4S cos S |cot $S | tan 4S
'8.0000 | 0.0044 | 9.99561 9.9000 | 0.4704 | 9.5296| 19.9900 0.9694 | 9.0306
8.2000 | 0.0069 | 9.9931] 19.9050 | 0.4814 | 9.5186| 19.9905 | 0.9806 9.0104
8.4000 { 0.0109 | $.9891 9.9910 § 0.9922 | 9.0078
8.6000 | 0.0174 | 9.98261 19.9100 | 0.4931 | 9.5069 | 19.9915 1.0047 | 8.9953
8.8000 | 0.0273 | 9.9727] 19.9150 | 0.5054 | 9.4946 | 19.9920 1 1.0179 | 8.9821
2.9200 10.5185 | 9.4815] |19.9925 | 1.0319 | 8.9681
9.0000 | 0.0436 | 9.9564 19.9250 | 0.5324 | 9.4676 | 19.9930 1.0469 | 8.9531
9.1000 | 0.0550 | 9.9450] 9.9300 | 0.5473 | 9.4527 | 19.9935 | 1.0630 | 8.9370
9.2000 | 0.0694 | 9.9306f {9.9350 | 0.5634 | 9.4366 | 19.9940 | 1.0803 | 8.9197
9.3000 | 0.0878 | 9.9122| 19.9400 | 0.5807 | 9.4193 | 19.9945 | 1.0992 | 8.9008
9.9450 10.5995 | 9.4005
9.3500 | 0.0989 | 9.9011] 19.9500 | 0.6202 } 9.3798 | 19.9950 { 1.1199 | 8.8801
9.4000 | 0.1115 | 9.8885} 19.9550 |0.6430 | 9.3570| 19.9952 | 1.1288 | 8.8712
9.4500 | 0.1258 | 9.8742 9.9954 11.1380 | 8.8620
9.5000 | 0.1422 | 9.85781 |9.9600 | 0.6685 | 9.3315| [9.9956 | 1.1477 | 8.8523
9.5500 | 0.1611 | 9.8389} {9.9620 | 0.6797 | 9.3203 | |9.9958 | 1.1578 | 8.8422
9.9640 |0.6914 | 9.3086
9.6000 | 0.1830 { 9.8170] |9.9660 {0.7038 | 9.2962 | |9.9960 1.1684 | 8.8316
9.6200 1 0.1928 | 9.8072} 19.9680 [ 0.7169 | 9.2831 | |9.9962 1.1795 | 8.8205
9.6400 | 0.2032 | 9.7968 9.9964 [ 1.1913 | 8.8087
9.6600 | 0.2144 | 9.7856| 19.9700 } 0.7309 | 9.2691 | 19.9966 1.2037 | 8.7963
9.6800 | 0.2264 | 9.7736} 19.9720 | 0.7459 | 9.2541 1 19.9968 | 1.2168 8.7832
9.9740 | 0.7620 { 9.2380
9.7000 | 0.2392 | 9.7608} 19.9760 [ 0.7794 | 9.2206 | 19.9970 | 1.2308 | 8.7692
9.7200 | 0.2532 | 9.7468] [9.9780 | 0.7982. 1 9.2018 | |9.9972 1.2458 | 8.7542
9.7400 | 0.2683 | 9.7317 9.9974 11.2619 | 8.7381
9.7600 | 0.2847 { 9.71531 19.9800 | 0.8188 [ 9.1812 | 19.9976 1.2793 | 8.7207
9.7800 | 0.3028 | 9.6972] 19.9810 | 0.8301 {9.1699 { 19.9978 | 1.2982 | 8.7018
9.9820 | 0.8418 |1 9.1582
9.8000 | 0.3227 | 9.6773} 19.9830 | 0.8542 | 9.1458 | 19.9980 | 1.3189 | 8.6811
9.8100 | 0.3334 | 9.6666] 19.9840 | 0.8674 | 9.1326 | [9.9982 [ 1.3418 | 8.6582
9.8200 | 0.3448 { 9.6552} 19.9850 | 0.8814 | 9.1186 | {9.9984 1.3674 | 8.6326
9.8300 | 0.3569 | 9.6431| ]19.9860 | 0.8963 | 9.1037 | [9.9986 | 1.3953 | 8.6047
9.8400 | 0.3698 | 9.6302| 19.9870 | 0.9124 | 9.0876 | 19.9988 | 1.4298 | 8.5702
9.8500 | 0.3835 1 9.6165] 19.9880 | 0.9299 | 9.0701
9.8600 { 0.3982 1 9.6018 | 19.9890 {0.9488 |1 9.0512 | {9.9990 1.4694 | 8.5306
9.8700 | 0.4140 ] 9.5860 9.9991 |1.4923 { 8.5077
9.8800 | 0.4312 | 9.5688 9.9992 | 1.5178 | 8.4822
9.8900 | 0.4499 | 9.5501 9.9993 [1.5469 | 8.4531
9.9994 [ 1.5803 | 8.4197
9.9995 | 1.6199 | 8.3801
9.9996 | 1.6684 | 8.3316
9.9997 | 1.7308 | 8.2692
9.9998 | 1.8188 | 8.1812
9.9999 | 1.9694 | 8.0306
12
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APPENDIX

From transmission line theory, the equation for the input impedance

Zin of a line saction terminated by an open-circuit (analogous to a rigid

boundary--that is, high impedance) is [27:

Z, | =2y coth vd, (A1)

where 20 and y are the characteristic impedance and propagation constant,

respectively, of the line section, and d is its length. When this line

section is used as the termination impedance of another transmission line
whose characteristic impedance is ZT’ then Eq. (1) describes the termina-
tion impedance normalized to the characteristic impedance ZT'
Equation (2) ci: he derlved from Eq. (B4) in McSkimin [37, which is

Z, = jpw/(a + jk). (A2)

When both sides of the equation are divided by ZT’ recalling that
Z. = proq, Eq (A2) becomes

Z jpw
Q- — (A3)
Zy pTcT(a + jk)
and, since w/cT is kp, Eq. (2) is verified.
13




REFERENCES

[1] L. L. Beranek, "Some Notes on the Measurement of Acoustic Impedaince,"
J. Acoust. Soc. Am. 19, 420-427 (1947).

[R7 W. R. LePage and S. Seely, General Network Analysis (McGraw-Hill
Book Co., Inc., New York, 1952), p. 325.

[371 H. J. McSkimin, "A Method for Determining the Propagation Constants
of Plastics at Ultrasonic Frequencies," J. Acoust. Soc. Am. 23, 429-
434 (1951).

(4] H. Kober, Dictionary_of Conformal Representations (Dover Publications,
Inc., 1952), pp. 102-103.

[5] F. V. Hunt, L. L. Beranek, and D. Y. Maa, "Analysis of Sound Decay
in Rectangular Rooms," J. Acoust. Soc. Am. 11, 80-94 (1939).

[6] P. M. Morse, "The Transmission of Sound Inside Pipes," J. Acoust.
Soc. Am. 11, 205-210 (1939).

{77 A. N. Lowan, P. M. Morse, H. Feshback, and E. Hauxwitz, "Tables for
Solutions of the Wave Eauation for Rectangular and Circular Bounde ‘es
Having Finite Impedance," AMP Note 18, Applied Mathematlics Panel,
NDRC (1945).

{81 S. Roberts and A. von Hippel, "A New Method for Measuring Dielectric
Constant and Loss in the Range of Centimeter Waves," J. Appl. Phys.
17, 610-616 (1946).

[] M. Mandel and C. Marco, "The Influence of the Sample Thickness in the
Measurements of Dielectric Characteristics with Transmission Lines by
the Method of Roberts-von Hippel," Physica 30, 597-607 (1964).

[107 E. Fatuzzo and P. R. Mason, "Precision Measurement of the Microwave
Dielectric Constant of Liquids," J. Appl. Phys. 36, 427-435 (1965).

14

- N@i.,‘,’. it

ey s

ENrTIe 000 BAtAemy 090 SUSRIEEM 00 SIGADAE 0 AReA

L ] s b ] T e




/-]

mmwmm

suazis - LN e =Y

PSR

UNCLASSIFIED
Security Classification

DOCUMENT CONTROL DATA - R&D

(Security classitication of title, body cf abatract and Indexing annotation muet be enterad when the overall report is clasaified)

1. ORIGINATIN G ACTIVITY (Corporate author) 24, REPORT SECURITY C LASSIFICATYION
U. S. Navy Underwater Sound Reference Laboratory UNCLASSIFIED
P. O. Box 8337 2b. amouP
Orlando, Florida 32806 :

3. REPORY TITLE

ANALYSIS OF ACOUSTIC IMPEDANCE DATA

4. DESCRIPTIVE NOTES (Typs of report and Inclueive dates)

USRL Research Report
5. AUTHORC(S) (Laat name, {iret name, initial)

Sabin, Gerald A.

6. REPORT DATE 7a. TOTAL NO. OF PAGES 7bT‘NG. oOFr RKFS
5 May 1966 14 10
Aa. CONTRACT OR GRANT MNO., S8 ORIGINATOR'S REPORT NUMWER(S)
b. PROJECT NO. USRL Research Report Ne. 81
c. b, OTHER I:")EPORT NO(S) (Any other numbers that may be ass!gned
thls repo .
d.

10. AVAILABILITY/LIMITATION NOTICES

Distribution of this document is unlimited

11. SUPPL EMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

13. ABSTRACT

Procedures and applicable charts for the analysis of acoustic impedance data
obtained from the USRL pulse tube are presented. Formulas and tables for
rapid determination of the bilinear transformation (1 + r)/(1 - r) are shown.

et T

DD [, 1473 UNCLASSIFIED

Security Classification . '
!

e

| ., ' . ' & ..
: m%%m«w%":




u&-—.‘“u-mm-x ——— n e e e e e e e ottt srmricnr oS T st Ot A e, L =Rk

UNCLASSIFIED
Security Classification

14, LINK A LINK B LINK C
KEY WORDS ROLE wT ROLE wT ROLE wT

Acoustic impedance
Propagstion constant
Acoustical materials - '
Underwater sound
Reflection coefficient
Test facility

) Mathematical analysis

" e

-» A PR
<, < R A
L R NN T ; 2 L

5
LS P %

INSTRUCTIONS
1. ORIGINATING ACTIVITY: Euter the name ant address imposed by security classification, using standard statements
5 of the contractor, subcontractor, grantee, Department of De- such as:
' fense activity or other organization (corporate author) issuing (1) **Qualified requesters may obtain copies of this
the report. report from DDC.”’
2a. REPORT SECURITY CLASSIFICATION: Enter the over~ T ; .
all security ciassification of the report. Indicate whether @ reig:fit%; It)zBnc?l;rs\c:::e;ﬁta::li;i;&ssmlnauon of this
““Restricted Data’ is included. Marking is to be in accord-
ance with appropriate security regulations, 3) ';U s. Gove;;xment agencies may obtain copies of
2b. GROUP: Automatic downgrading is specified in DoD Di- Saors Sall recuoot thraughC Other quelifiec DDC
rective 5200, 10 and Armed Forces Industrial Manual, Enter i
the group number. Also, when applicable, show that optional : Jt
Enaré(ings havée been used for Group 3 and Group 4 'as author- (4) *'U. S. military agencies may obtain copies of this
ized.

report directly from DDC. Other qualified users
3, REPORT TITLE: Enter the complete report title in all shall request through
capital letters. Titles in all cases should be unclassified.

12
If a meaningful title cannot be selected without classifica- *

tion, show title classification in all capitals in parenthesis (5) ‘‘Ail distribution of this report is controlled Qual-
immediately following the title, ified DDC users shall request through
4. DESCRIPTIVE NOTES: If appropriate, enter the type of W

report, e.g., interim, progress, stmmary, annual, or final.
Give the inclusive dates when a specific reportlr‘period is
covered,

If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known

5. AUTHOR(S): Enter the name(s) of author(s) as shown on 11, SUPPLEMENTARY NOTES:
or in the report, Enter last name, first name, middle Initial, R TES: Use for additlonal explana-

ses : tory notes.
If military, show rank and branch of service, The name of
the principal author is an absolute minimum requirement, tlhz. dSPOTSORtU;‘G M}LItT-‘;?Y AC’{‘I;/ITY: Enter the nm?e of
. e departmental project office or laboratory sponsoring (pay~

6. REPORT DATE: Enter the date of the report as day, ing for) the research and development, Inciude address.
month, year; or month, year. If more than one date appears . .

] on the report, use date of publication, 13. ABSTRACT: Enter an n.bstr-act giving a brief and factual
7a. TOTAL NUMBER OF PAGES: The total page count summary of the document indicative of the report, even though

" it may also appear elsewhere in the body of the technical re-
should follow normal pagination procedures, L e., enter the port. If additional space ig required, a continuation sheet shail

number of pages containing information. be attached.
7b. NUMBER OF REFERENCES: Enter the total number of

. ; ' RE It is highly desirable that the abstract of classified reports
references cited in the reporls

be unclasqit‘ied. Each paragraph of the abstract shall end with
8a. CONTRACT OR GRANT NUMBER: If appropriate, enter an indication of the military security classification of the in-

the applicable number of the contract or grant under which formation in the - sragraph, represented as (TS), (5), (C), or (U).
' the report was written There is no limitation on the length of the abstract. How-
8b, &, & 8d. PROJECT NUMBER: Enter the appropriate ever, the suggested length is from 150 to 225 words.

military department identification, such as project number, 14. KEY WORDS: K i

) . ¢ Key words are technically meaningful terms
subproject number, system numbers, t‘tSk number, etc. ' or short phrases that characterize a report and may be used as
9a. ORIGINATOR’S REPORT NUMBER(S): Enter the offi- index entrles for cataloging the report. Key words must be

cial report number by which the document wiil te identified selected so that no security classification is required. Identi-

and controlled by the originating activity, This number mast fiers, such as equipment model designation, trade name, military
be unique to this report. proj:ctbcode lx;ame, gfographic location, may be used as key

. t will be followed by an indication of technical con-
95. OTHER REPORT NUMBER(S): If the report has been words bu y
assigned any other report numbers (ecithes by the originator text. The assignment of links, rales, and welghts is optlopnl.
or by tho sponsor), also enter this number(s). N

10. AVAILABILITY/LIMITATION NOTICES: Enter any lim-
. itations on further dissemination of the report, other than those

Security Classification




